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[Title of the Invention] FUNCTIONAL MOLECULE AND FUNCTIONAL FILM 

[Abstract] 

[Problem] 

Provision of a functional molecule which is variable in structure, and 
biodegradable hence environmentally friendly, and a functional film using the 
functional molecule and being variable in thickness. 
[Means for Resolution] 

A functional molecule comprises a structure-variable body whose 
structure is variable by stimulation, and a rod-like body. The functional 
molecule includes a mode showing a structural color development, a mode in 
which the length of the rod-like body is 810 nm or less, a mode in which the 
rod-like body is an a-helix polypeptide, DNA or amylose, a mode in which the 
color development changes by the change of the structure of the 
structure-variable body, a mode in which the structure-variable body is variable 
in the structure by light, heat or electric field, a mode in which the 
structure-variable body is a geometric isomer, a thermoplastic material, a 
thermosetting material or a liquid crystal molecule, a mode in which the 
structure-variable body is an azobenzene compound, a mode in which the 
structure-variable body is bonded to a straight chain or a side chain of the 
rod-like body and a mode being used as a monomolecular film, and a functional 
film prepared by forming the functional molecules into a film-like shape. 
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[Claims] 
[Claim 1] 

A functional molecule characterized by having a structure-variable body 
whose structure is variable by stimulation, and a rod-like body. 
[Claim 2] 

A functional molecule according to claim 1, which shows structural color 
development. 
[Claim 3] 

A functional molecule according to claim 1 or 2, wherein the length of 
the rod-like body is 810 nm or less. 
[Claim 4] 

A functional molecule according to any one of claims 1 to 3, wherein the 
rod-like body is any one of an a-helix polypeptide, DNA and amylose. 
[Claim 5] 

A functional molecule according to any one of claims 1 to 4, wherein the 
color development is changed by the change of the structure of the 
structure-variable body. 
[Claim 6] 

A functional molecule according to any one of claims 1 to 5, wherein the 
structure-variable body is variable in the structure by light. 
[Claim 7] 

A functional molecule according to claim 6, wherein the 
structure-variable body is a geometrical isomer. 
[Claim 8] 

A functional molecule according to any one of claims 1 to 5, wherein the 
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structure-variable body is variable in the structure by heat, 
[Claim 9] 

A functional molecule according to claim 8, wherein the 
structure-variable body is either of a thermoplastic material or a thermosetting 
material. 
[Claim 10] 

A functional molecule according to any one of claims 1 to 5, wherein the 
structure-variable body is variable in the structure by electric field. 
[Claim 11] 

A functional molecule according to claim 10, wherein the 
structure-variable body is a liquid crystal molecule. 
[Claim 12] 

A functional molecule according to any one of claims 1 to 5, wherein the 
structure-variable body is an azobenzene compound. 
[Claim 13] 

A functional molecule according to any one of claims 1 to 12, wherein 
the structure-variable body is bonded to a straight chain of the rod-like body. 
[Claim 14] 

A functional molecule according to any one of claims 1 to 12, wherein 
the structure-variable body is bonded to a side chain of the rod-like body. 
[Claim 15] 

A functional molecule according to any one of claims 1 to 14, which is 
used as either of a monomolecular film or a laminate film prepared by 
laminating the monomolecular films. 
[Claim 16] 
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A functional film characterized in that the functional molecule 
according to any one of claims 1 to 15 is formed into a film-like shape. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] 

The present invention concerns a functional molecule which is variable 
in structure, and biodegradable hence environmentally friendly, and a functional 
film using the functional molecules and being variable in thickness. 
[0002] 
[Prior Art] 

Recently, nanotechnology has attracted attention, and studies on the 
control of function thereof at a level of a molecule has been vigorous. However, 
there is only insufficient report specifically as to what functional molecule can 
be used to which application at present. 
[0003] 

[Problems that the Invention is to Solve] 

The invention has a subject to attain the following purpose. That is, 
the invention intends to provide a functional molecule which is variable in 
structure, biodegradable hence environmentally friendly and suitable to various 
kinds of fields such as of membranes, films and image forming elements, and a 
functional film using the functional molecule, being variable in thickness and 
suitable to various kinds of fields. 
[0004] 

[Means for Solving the Problem] 

Means for solving the problem are as follows. Namely, 
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<1> A functional molecule characterized by having a structure-variable body 
whose structure is variable by stimulation, and a rod-like body. 
<2> A functional molecule according to <1> described above, which shows a 
structural color development. 

<3> A functional molecule according to <1> or <2> described above, in which the 
length of the rod-like body is 810 nm or less. 

<4> A functional molecule according to any one of <1> to <3> described above, 
in which the rod-like body is any one of an a-helix polypeptide, DNA and 
amylose. 

<5> A functional molecule according to any one of <1> to <4> described above, 
in which color development is changed by the change of the structure of the 
structure-variable body. 

<6> A functional molecule according to any one of <1> to <5> described above, 
in which the structure-variable body is variable in the structure by light. 
<7> A functional molecule according to any one of <1> to <6> described above, 
in which the structure-variable body is a geometrical isomer. 

<8> A functional molecule according to any one of <1> to <5> described above, 

in which the structure-variable body is variable in the structure by heat. 

<9> A functional molecule according to <8> described above, in which the 

structure-variable body is either of a thermoplastic material or a thermosetting 

material. 

<10> A functional molecule according to any one of <1> to <5> in which the 
structure-variable body is variable in the structure by electric field. 
<11> A functional molecule according to <10> described above, in which the 
structure-variable body is a liquid crystal molecule. 
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<12> A functional molecule according to any one of <1> to <5> described above, 

in which the structure-variable body is an azobenzene compound. 

<13> A functional molecule according to any one of <1> to <12> described above, 

in which the structure-variable body is bonded to a straight chain of the rod-like 

body. 

<14> Afunctional molecule according to any one of <1> to <12> described above, 
in which the structure-variable body is bonded to a side chain of the rod-like 
body. 

<15> Afunctional molecule according to any one of <1> to <14> described above, 
which is used as a monomolecular film and a laminate film prepared by 
laminating the monomolecular films. 

<16> A functional film characterized by comprising the functional molecules 

according to any one of <1> to <15> formed into a film-like shape. 

[0005] 

[Mode for Carrying Out the Invention] 

The functional molecule and the functional film according to the 
invention are to be explained below. The functional molecule of the invention 
has a rod-like body and a structure-variable body whose structure is variable by 
stimulation. 
[0006] <Rod-like body> 

The rod-like body is not particularly restrictive, so long as it has a 
rod-like shape, and can be arbitrarily selected depending on the purpose, and 
may be either of a rod-like inorganic material or a rod-like organic material, 
with the rod-like organic material being preferred. 
[0007] 
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The rod-like organic material includes, for example, biopolymers and 
polysaccharides. The biopolymers preferably include, for example, fibrous 
protein, a-helix polypeptide, nucleic acid (DNA, RNA). The fibrous protein 
preferably includes, for example, those having an a-helix structure such as 
a-keratin, myosin, epidermine, fibrinogen, tropomysin and silk fibroin. The 
polysaccharides preferably include amylose. 
[0008] 

Among the rod-like organic materials, spiral organic molecules in which 
the molecule has a helix structure are preferred since the rod-like shape can be 
maintained stably and other materials can be intercalated to the inside 
depending on the purpose, and the spiral organic molecule includes an a-helix 
polypeptide, DNA and amylose among those described above. 
[0009] [a-helix polypeptide] 

The a-helix polypeptide is one of the secondary structures of the 
polypeptide which is stable in view of energy by the structure in which it turns 
once (forming one spiral) every each 3.6 amino acid residues, a hydrogen bond is 
formed substantially in parallel with the spiral axis between an imide group 
(-NH-) and a carbonyl group (-CO-) over every four amino acids and seven 
amino acids are repeated as a unit. 
[0010] 

The direction of the spiral of the a-helix polypeptide is not particularly 
restrictive and may be right-handed spiral or left-handed spiral. Incidentally, 
only those having right-handed spiral occur in nature. 
[0011] 

The amino acid which forms the a-helix polypeptide is not particularly 
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restrictive so long as it can form an a-helix structure, and can be arbitrarily 
selected depending on the purpose. However, those which easily form the 
a-helix structure are preferred, and those amino acids preferably include, for 
example, aspartic acid (Asp), glutamic acid (Glu), arginine (Arg), lysine (Lys), 
histidine (His), asparagine (Asn), glut amine (Gin), serine (Ser), threonine (Thr), 
alanine (Ala), valine (Val), leucine (Leu), isoleucine (He), cysteine (Cys), 
methionine (Met), tyrosine (Tyr), phenylalanine (Phe) and tryptophan (Trp). 
Those may be used alone or two or more of them may be used in combination. 
[0012] 

In a case where the functional molecule according to the invention is 
used for the functional film according to the invention, the a-helix polypeptide 
preferably has a site statically which interacts with an ionic lipid with each other, 
and preferably has an ionic site as the site described above. 
[0013] 

The ionic site includes, an anionic site and a cationic site etc. The 
a-helix polypeptide may have only one or both of the anionic site and the 
cationic site as the ionic site. Further, the ionic site may be present over the 
entire length or a part of the a-helix polypeptide. 
[0014] 

The anionic site may be formed from an acidic amino acid, and may be 
formed by substituting the substituent of an arbitrary amino acid in the a-helix 
polypeptide with an anionic group. The acidic amino acid preferably includes, 
for example, aspartic acid, glutamic acid, cysteine and tyrocine. Incidentally, 
an example in which the anionic site is present over the entire length of the 
a-helix polypeptide includes, a homopolymer or a copolymer such as of aspartic 
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acid, glutamic acid, cysteine and tyrosine. 



[0015] 



The cationic site may be formed from a basic amino acid, may be formed 
by substituting the substituent of an arbitrary amino acid in the a-helix 
polypeptide with a cationic group. The basic amino acid includes, for example, 
alginine, lysine, and histidine. Incidentally, an example in which the cationic 
site is present over the entire length of the a-helix polypeptide preferably 
includes a homopolymer or a copolymer of arginine, lysine and histidine. 



The a-helix polypeptide can be changed into any of hydrophilic, 
oleophilic (hydrophobic), and amphiphilic by arbitrarily selecting the amino 
acid. In a case where an oleophilic property is intended, the amino acid 
preferably includes, for example, serine (Ser), threonine (Thr), aspartic acid 
(Asp), glutamic acid (Glu), arginine (Arg), lysine (Lys), aspargine (Asn) and 
glutamine (Gin) and in a case that an oleophilic (hydrophobic) property is 
intended, the amino acid includes, for example, phenylalanine (Phe), tryptophan 
(Trp), isoleucin(Ile), tyrosine (Tyr), methionine (Met), leucin (Leu), and valine 



The a-helix polypeptide can be formed into oleophilic (hydrophobic) by 
esterifying a carboxyl group not constituting a peptide bond in the amino acid 
which forms the a-helix. On the other hand, the a-helix polypeptide can be 
formed into hydrophilic by hydrolyzing the esterified carboxyl group. 



The amino acid may be any of L-amino acid, D-amino acid and 



[0016] 



(Val). 



[0017] 



[0018] 
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derivatives of them in which the side chain is modified. 
[0019] 

The number of bonds of the amino acids (degree of polymerization) in 
the a-helix polypeptide is not particularly restrictive and can be arbitrarily 
selected depending on the purpose, however, the number is preferably from 10 to 
5000. In a case where the number of bonds (degree of polymerization) is less 
than 10, polyamino acids sometimes cannot form a stable a-helix, and in a case 
where it exceeds 5000, vertical orientation is sometimes difficult. 
[0020] 

A specific example of the a-helix polypeptide can preferably include, for 
example, polyglutamic acid derivatives such as poly(y-methyl«L-glutamate), 
poly(y-ethyl-L-glutamate), poly(y-benzyl-L-glutamate), poly(L-glutamic 
acid-y-benzyl), poly(n-hexyl-L-glutamate), polyaspartic acid derivatives such as 
poly(P-benzyl-L-aspartate), polypeptides such as poly(L-leucin), poly(L-alanine), 
poly(L-methionine) and poly(L-phenylalanine), 

poly(L-lysine)-poly(y-methyl-L-glutamate). 
[0021] 

The a-helix polypeptide may be those which are commercially available, 
and may be those arbitrarily synthesized or prepared in accordance with a 
method described in known literatures, etc. 
[0022] 

As one example of the synthesis of the a-helix polypeptide, a synthesis of 
a block copolypeptide 

[poly(L-lysine)25-poly(y-methyl-L-glutamate) 6 o]PLLZ 2 5-PMLG 6 o Is shown below. 
Namely, the block copolypeptide 
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[poly(L-lysine) 2 s-poly(y-niethyl-L-glutamate) 6 o]PLLZ25-PMLG 6 o can be 
synthesized, as shown by the formula below, by polymerizing N E -carbobenzoxy 
L-lysine N a -carboxylic acid anhydride (LLZ-NCA) using n-hexylamine as an 
initiator, and successively, polymerizing y-methyl L-glutamate N-carboxylic acid 
anhydride (MLG-NCA). 
[0023] 

[Chemical 1] 

«H THF ijlH 

<J = Q C=0 

9 9 

$ $ 

LLZ-NCA PLLZ,,, dn=25) 



^ di i 7 CH rW B - NH-^C-CH-NH^C-CH-NH^H 

<J = 0 DMF NH n=0 

9 9=0 ? 

CH 3 0 CH 3 

ULG-NCA P H 2 
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PLL^-PMLG^ Qn=2S,n=60) 



[0024] 



The synthesis of the a-helix polypeptide is not limited to the process 
described above, and can be synthesized by a genetic engineering process. 
Specifically, it can be produced by transforming a host cell by an expression 
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vector incorporating DNA that codes for the aimed polypeptide, and cultivating 
the transformant, etc. The expression vector includes, for example, plasmide 
vector, phage vector, and a chimera vector of plasmide and phage. The host cell 
includes, for example, prokaryote microorganisms such as Escherichia coli and 
Bacillus subtilis, eukaryote microorganisms such as yeast, and animal cells. 
[0025] 

Alternatively, the a-helix polypeptide can be produced by cutting out a 
portion of the a-helix structure from natural fibrous proteins such as a-keratin, 
myosin, epidermine, fibrinogen, tropomysin, and silk fibroin. 
[0026] [DNA] 

The DNA may be a single strand DNA, however, it is preferably a double 
stranded DNA since the rod-like shape can be maintained stably and an other 
material can be intercalated in the inside. The double strand DNA has a double 
helix structure in which two right-handed helix polynucleotide chains are 
formed, in a state extending in directions opposite from each other around one 
center axis. The polynucleotide chain is formed from four kinds of nucleic acid 
bases including adenine (A), thymine (T), guanine (G) and cytosine (C). The 
nucleic acid bases are present while being protruding inwardly with each other 
in a plane perpendicular to the center axis in the polynucleotide chain, and form 
a so-called Watson-Crick type base pair, and thymine is hydrogen-bonded to 
adenine and cytosine is hydrogen-bonded to guanine specifically respectively. 
As a result, two polypeptide chains are bonded complementary with each other 
in the double stranded DNA. 
[0027] 

The DNA can be prepared by known PCR(Polymerase Chain Reaction) 
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process, LCR (Ligase chain Reaction) process, 3SR (Self-sustained Sequence 
Replication) process, SDA (Strand Displacement Amplification) process, etc., and 
among them, the PCR process is preferred. 
[0028] 

Further, the DNA may be prepared by enzymatically cutting it out from 
natural genes by a restriction enzyme directly, may be prepared by a gene 
cloning procedure, or may be prepared by a chemical synthesis method. 
[0029] 

In a case of the gene cloning process, an amplified normal nucleic acid is 
incorporated into a vector selected from a plasmide vector, a phage vector, a 
chimera vector of plasmide and phage, etc., which is introduced to an arbitrary 
host which can be proliferated, selected from prokaryote microorganisms such as 
Escherichia coli and Bacillus subtilis, eukaryote microorganisms such as yeast, 
and animal cells. Thus, a large amount of the DNA can be prepared. As the 
chemical synthesis process includes, for example, a liquid phase method or a 
solid synthesis method using an insoluble carrier such as a triester process and a 
phosphorous acid process. In a case of the chemical synthesis process, the 
double strand DNA can be prepared by forming a large amount of single 
stranded DNAs using a known automatic synthesizing apparatus followed by 
annealing. 
[0030][Amylose] 

The amylose is a polysaccharide having a helix structure in which 
D-glucoses constituting a starch as monosaccharides of higher plants for storage 
are bonded linearly by ct-1,4 bonds. The molecular weight of the amylose is 
preferably from about several thousands to 150,000 by a number average 
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molecular weight. The amylose may be those which are commercially available, 
or may be those arbitrarily prepared in accordance with a known method. 
Incidentally, the amylose may be incorporated with amylopectin in a portion 
thereof. 
[0031] 

The length of the rod-like body is not particularly restrictive, and can be 
arbitrarily selected depending on the purpose. However, it is preferably, 810 
nm or less and more preferably from 10 nm to 810 nm from a viewpoint of 
causing structural color development. 
[0032] 

The diameter of the rod-like body is not particularly restrictive, however, 
in a case of the a-helix polypeptide, it is about from 0.8 to 2.0 nm. 
[0033] 

The rod-like body may be entirely hydrophobic or hydrophilic, or may 
be amphiphilic in which a portion thereof is hydrophobic or hydrophilic, and 
other portion is hydrophilic or hydrophobic which is inverse to the former 
portion. In a case where the rod-like body is amphiphilic, it is preferred since 
when the rod like bodies are dispersed in an oil phase or a water phase, an 
emulsion can be obtained to facilitate the film formation. 
[0034] 

In a case of the film according to the invention, the rod-like body is 
preferably amphiphilic, and the amphiphilic rod-like body is not particularly 
restrictive for the number of the portions showing oleophilicity (hydrophobic 
property) and portions showing hydrophilicity, and can be arbitrarily selected 
depending on the purpose. Also in this case, the portions showing oleophilicity 
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(hydrophobicity) and portions showing hydrophilicity may be situated 
alternately, and any one portion may be situated only one end portion of the 
rod-like body. 
[0035] 

One example of the amphiphilic rod-like body is shown in Fig. 1. In Fig. 
1, the rod-like body 10 has an oleophilic portion (hydrophobic portion) 10a at 
one end and a hydrophilic portion 10b at the other end. 
[0036]< Structure-variable body > 

The structure-variable body is not particularly restrictive so long as it is 
variable in structure by stimulation, and can be arbitrarily selected depending 
on the purpose. 
[0037] 

The stimulation includes, for example, chemical stimulations and 
physical stimulations. The chemical stimulations include, for example, pH 
change and coexistent of a specified substance. The physical stimulations 
include, for example, light, electric field, heat, magnetic field, pressure, and any 
of light, electric field and heat is preferred. 
[0038] 

The structure-variable body whose structure is variable by light includes, 
for example, a photochemical reaction compound, and the photochemical 
reaction compound includes, for example, a photo-ring opening reaction 
compound such as spirobenzopyran, a compound having a photoionization 
functional group and a stereoisomer. 
[0039] 

As the stereoisomer, a geometric isomer is especially preferred since the 
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structure thereof is properly changed with light thereby capable of changing the 
color development. Those structure-variable bodies, whose structure is 
variable by light, may be used alone or two or more of them may be used in 
combination. 
[0040] 

The structure-variable body whose structure is variable by electric field 
includes, for example, a liquid crystal molecule. The liquid crystal molecule 
includes, for example, a rod-like liquid crystal molecule, and a discotic liquid 
crystal molecule. 
[0041] 

The rod-like liquid crystal molecule includes, for example, an 
azomethine compound, azoxy compound, cyanobiphenyl compound, cyanophenyl 
ester compound, benzoic acid ester compound, cyclohexane carboxylate phenyl 
ester compound, cyanophenyl cyclohexane compound, cyano-substituted phenyl 
pirimidine compound, alkoxy-substituted phenylpyrimidine compound, 
phenyldioxane compound, tolan compound and alkenylcyclohexyl benzonitrile 
compound. In addition, high molecular liquid crystal molecules are also 
preferred. 
[0042] 

The discotic liquid crystal molecule includes, for example, compounds 
described in various literatures (C.Destrade, et al., Mol. crysr. Liq. Cryst., vol. 
71, page 111 (1981); Quarterly Journal of Chemical Review, No. 22, Chemistry of 
Liquid Crystal, chapter 5 and chapter 10, second paragraph, edited by Chemical 
Society of Japan (1994); B. Kohne et al., Angew, Chem. Soc. Chem. Comm. page 
1794 (1985); J.Zhang et al., J.Am.Chem.Soc, Vol 116, page 2655 (1994)), and 
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each gazette of JP-A-5-5837, JP-A-8-27284, JP-A-8-334621 and JP-A-9-104656. 
Those structure-variable bodies whose structure is variable by electric field may 
be used alone or two or more of them may be used in combination. 
[0043] 

The structure-variable body whose structure is variable by heat includes, 
for example, those showing thermal expansion or thermal shrinkage, etc. such as 
materials showing crystal melting and materials showing crystallization by heat, 
thermoplastic materials, thermosetting materials and the liquid crystal 
molecules. 
[0044] 

The thermoplastic materials include, for example, thermoplastic resins, 
specifically, polyethylene, polypropylene, polyvinyl chloride, polystyrene, 
polyvinyiidene chloride, fluororesin, polymethyl methacrylate, etc, 
polycondensation type polyamide, polyester, polycarbonate, polyphenylene oxide, 
polyaddition type thermoplastic polyurethane, ring-opening polymerization type 
polyacetal, etc. The thermosetting materials include, for example, 
thermosetting resins, specifically, urea resin, melamine resin and phenol resin, 
etc. Those structure-variable bodies whose structure is variable by heat may be 
used alone, or one or more of them may be used in combination. 
[0045] 

As the structure-variable bodies described above, those which can 
change the structure reversibly are preferred since they can be applied suitably 
to various applications which require control of change in color development. 
In view of the above, geometric isomers and liquid crystal molecules are 
preferred, with the geometric isomers being more preferred. 
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[0046] 

Although the geometric isomers have no particular restriction so long as 
the structure is variable by light, they include cis-trans isomers, syn-anti isomers, 
and compounds having a structure containing an azo-group (-N=N-), for example, 
azo compounds and azoxy compounds are especially preferred. 
[0047] 

The azo compound includes, for example, an azobenzene compound, 
azomethane compound, azodicarbonamide compound, azodicarboxylic acid 
diethyl compound. The azoxy compound includes, for example, azoxy dibenzoic 
acid compound and azoxybenzene compound. 
[0048] 

A change of the structure of the azobenzene compound when irradiated 
with light is shown below. The azobenzene compound (a trans isomer) has 
molecules having an absorption band in 300 to 400 nm, and having a length 
between the para-positions relative to azo groups in a benzene ring of about 9.0 
A ((a) illustrated below). By irradiating ultraviolet rays thereto, the structure 
is changed to that of an azobenzene (a cis isomer) having a molecule in which the 
length between the para-positions relative to the azo groups in the benzene ring 
of about 5.5 A ((b) illustrated below), and the color development changes 
suitably. 
[0049] 

[Chemical 2] 
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(a) 00 



300-400 nm ABSORPTION BAND 400-500 nm 
0.5D DIPOLE MOMENT 3.1D 

[0050] 

The structure-variable body may be bonded to a straight chain of the 
rod-like body as shown in Fig. 2, may be bonded to a side chain as shown in Fig. 
3 and may be bonded to both of a straight chain and a side chain, however, 
bonding to a straight chain of the rod-like body is preferred since it is excellent 
in the change of color development. 
[0051] 

In a case where the structure-variable body is bonded to a side chain of 
the rod-like body, the ratio of the structure-variable bodies based on the whole 
side chains of the rod-like body is not particularly restrictive, and is arbitrarily 
selected if required. 
[0052] 

It is preferred that the functional molecule of the invention can show 
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color development in view of visibility, discrimination, etc. The color 
development includes, for example, pigmenting color development based on a 
chemical structure represented by dyes and pigments, in which electrons 
transfer upon irradiation of light to show color development, and structural 
color development based on a physical structure shown in the color development 
of tropical fishes and scale of butterflies, in which the color tone is controlled by 
the thickness and the refractive index of the film (layer). 
[0053] 

The structural color development is color development caused on the 
surface of a structural color developing body as a result of light reflection of 
specified wave length depending on the thickness and the refractive index of the 
structural color developing body (film, layer) when external stimulation such as 
electric field, magnetic field, temperature or light (for example, natural light, 
infrared ray or ultraviolet ray) is given to the structural color developing body 
(film, layer) based on a multi-layered thin film interference theory as a basic 
principle of color development of scales of butterflies belonging to Morphinae, 
and the color tone can optionally be selected by the external stimulation as in a 
case of a surface of a chameleon. 
[0054] 

In the invention, the structural color development is preferred among 
the color developments, since the use of a dye or a pigment is not necessary 
thereby enabling to reduce liquid wastes of dyeing to save energy (water, 
electricity) to be used during the dyeing process, and in addition, it is friendly to 
humans and to global environment with no problem such as of skin rush due to 
the dye or the pigment. 
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[0055] 

Here, the theory of the structural color development is shown below. 
As shown in Figs. 4 and 5, when light is irradiated to the film of the rod-like 
body, the wavelength (A.) of the coherent light due to the film is intensified under 
the condition shown in (1) below, and weakened under the condition shown in (2) 
blow. 
[0056] 

[Mathematical 1] 
X = 2t ' Yn 2 -sin 2 0f <1) 

A = 4 * ' A/ n 2 »sin 2 ffi (2) 
2 m— 1 V 

[0057] 

In the formulas (1) and (2), A. represents a wavelength (nm) of coherent 
light, a represents an incident angle (°) of light to the film, t represents a 
thickness of the film (nm), 1 represents a number of films, n represents a 
refractive index of the film and m is an integer of 1 or more. 
[0058] 

The thickness of the film is preferably 810 nm or less, and more 
preferably, from 10 nm to 810 nm. The color (wavelength) of the structural 
color development can be changed by arbitrarily changing the thickness, and in 
this case, application to color image formation is enabled. 
[0059] 

The film may be a monomolecular film, and may be a laminate film of 
the monomolecular films. The monomolecular film or a laminate film thereof 
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can be formed in accordance with, for example, Langmuir Blodgett method (LB 
method). In this case, a known LB film-forming apparatus (preferably includes, 
for example, NL-LB 400 NK-MWC manufactured by Nippon Laser & Electronics 
Laboratories, Co.) can be used. 
[0060] 

The monomolecular film can be formed on a substrate SO using a 
pushing member 60 in a state where an oleophilic (hydrophobic) or amphiphilic 
functional molecule (a molecule composed of the rod-like body and the structure 
variable body) is floated on a water surface (on a water phase), or in a state 
where a hydrophilic or amphiphilic functional molecule is floated on an oil 
surface (on an oil phase), namely, as shown in Fig. 6, in a state where the 
functional molecule 1 is oriented, (incidentally, the structure-variable body is 
omitted in the drawing). By repeating this operation, the laminate film in 
which arbitrary number of the monomolecular films are laminated on the 
substrate 50 can be formed. 
[0061] 

In this case, the surface of the substrate 50 is arbitrarily preferably 
subject to a surface treatment previously for the purpose of facilitating the 
deposition or bonding of the functional molecule 1. In a case, for example, 
where the rod-like body 10 (for example, a-helix polypeptide) in the functional 
molecule 1 is hydrophilic, it is preferred that a surface treatment such as of a 
hydrophilizing treatment using octadecyl trimethylsiloxane, etc. is conducted 
previously. 
[0062] 

Incidentally, upon forming a monomolecular film of amphiphilic 
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functional molecules, as a state where the functional molecules are floated on an 
oil phase or a water phase, the oleophilic portions (hydrophobic portions) 10a of 
the rod-like body 10 are oriented while being in adjacent with each other and the 
hydrophilic portions 10b are oriented while being in adjacent with each other, on 
the water phase or the oil phase, as shown in Fig. 7, (incidentally, since the 
structure-variable bodies are omitted in the drawing, the functional molecule 
represents the rod-like body 10 per se). 
[0063] 

The description above is an example of a monomolecular film in which 
the functional molecules are oriented in the direction of a plane of the 
monomolecular film (in a horizontally lying state) or a laminate formed 
therefrom, and a monomolecular film in which the functional molecules are 
oriented in a direction of the thickness of the monomolecular film (in a vertically 
rising state) can be formed, for example, as follows. Namely, as shown in Fig. 8, 
first, the water (water phase) is made into an alkaline of about pH12 in a state 
where the amphiphilic rod-like bodies 10 (a-helix polypeptide) are floated (in a 
horizontally lying state) on a water surface (on a water phase). Then, the 
hydrophilic portion 10b in the rod-like body 10 (a-helix polypeptide) is made 
into a random structure by the release of the a-helix structure. In this case, the 
oleophilic portion (hydrophobic portion) 10a in the rod-like body 10(a-helix 
polypeptide) keeps its a-helix structure. Next, the water (water phase) is made 
to an acidic state of about pH5. Then, the hydrophilic portion 10b in the 
rod-like body 10 (a-helix polypeptide) takes the a-helix structure again. In this 
case, when pushing the rod-like bodies 10 (a-helix polypeptide) with air from the 
side surface of a pressing member which is abutted to the rod-like body 10 
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(a-helix polypeptide), the hydrophilic portion 10b takes the ct-helix structure 
toward the direction substantially perpendicular to the water surface in a water 
phase in a state where the rod-like bodies 10 are in a state being vertically rising 
relative to the water (water phase) as they are. Then, as described using Fig. 6, 
the rod like bodies 10 (a-helix polypeptide), which are in an oriented state as 
they are, are pushed onto the substrate 50 by using the pushing member 60, 
thereby capable of forming a monomolecular film on the substrate 50. By 
repeating the operation, a laminate film in which an arbitrary number of the 
monomolecular films are laminated on the substrate 50 can be formed. 
[0064] 

The functional molecule of the invention is variable in the structure by 
stimulation such as light, electric field or heat, and biodegradable hence 
environmentally friendly, so that they can be used preferably in various fields 
such as of membranes, films and image forming elements, and can be used 
especially preferably in the functional film of the invention to be described 
below. 
[0065] 

The functional film of the invention is prepared by forming the 
functional molecules of the invention into a film-like shape. 
[0066] 

The method of the formation is not particularly restrictive, and can be 
arbitrarily selected depending on the purpose. In a case where the rod-like 
body in the functional molecule is amphiphilic, however, the functional film can 
be obtained by forming an emulsion containing the functional molecules. 
[0067] 
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The emulsion may be in the form of oil-in-water type droplets, or may be 
water-in-oil droplets, however, the water-in-oil droplets are preferred since the 
solvent component can be removed easily. 
[0068] 

In a case of an oil-in-water type emulsion, an aqueous medium such as 
water or alcohol is preferred as a solvent to be used. In a case of a water-in-oil 
type emulsion, the organic solvents described above are preferred as the solvent 
to be used. 
[0069] 

The amount of the functional molecules to be added in the emulsion is 
not particularly restrictive so long as it is such an amount that film formation 
can be achieved, and can be arbitrarily selected depending on the purpose. 
[0070] 

As the method of the formation is not particularly restrictive, and 
known film-forming methods are preferably adopted, and the film-forming 
method preferably includes, for example, a method of coating the emulsion on a 
flat plate and removing the solvent component in the emulsion by evaporation, 
etc. Incidentally, as the coating method, those described above are preferred. 
[0071] 

The coating method is not particularly restrictive, and includes known 
methods, for example, blade coating method, kneader coating method, spin 
coating method, bar coating method and curtain coating method. 
[0072] 

Further, in a case where the rod-like body in the functional molecule is 
hydrophilic, a method of forming a complex with an ionic lipid into a film-like 
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shape is adopted. Specifically, a method of mixing, etc. an aqueous solution or 
a water dispersion of the rod-like bodies and an aqueous dispersion of the ionic 
lipid, thereby obtaining a complex of the rod-like bodies and the ionic lipid as a 
precipitate, etc. and then dissolving the complex in an organic solvent, coating 
the solution on a flat plate and removing the organic solvent by evaporation, etc. 
is preferred. 
[0073] 

Incidentally, in this case, it is preferable for the rod-like body to have an 
ionic site, and in case the rod-like body is a-helix polypeptide, for example, it is 
preferred that the a-helix polypeptide has an ionic site based on the acidic amino 
acid or the basic amino acid, or an ionic site to which a known ionic group is 
introduced. 
[0074] 

The ionic lipid is not particularly restrictive so long as it may be those 
positively or negatively charged, and can be selected arbitrarily depending on 
the purpose. Cationic lipids and anionic lipids are preferred, and among them, 
those in which association force of the ionic lipids with each other is weak and 
are flexible per se are preferred from a viewpoint of keeping the rod-like state of 
the rod-like body when forming complexes by statically interacting with the 
rod-like bodies. 
[0075] 

The cationic lipid is not particularly restrictive so long as it exhibits a 
cationic property, and includes those being cationic per se and those to which a 
cationic group is introduced to a known lipid. For example, a monoalkyl type 
cationic lipid represented by the following general formula (1) and a dialkyl type 



26 



cationic lipid represented by the general formula (2), (3) or (4) described below 

are preferred. 

[0076] 

[Chemical 3] 

CH 3 (cH 2 )t(0C 2 H 4 ^— N— General formula (1) 

[0077] 

In the general formula (1), m represents an integer of from 7 to 13, n 
represents an integer of from 4 to 15, CH 3 (CH2)m- represents a hydrophobic 
alkyl chain moiety made from long alkyl chains and -(OC 2 H 4 ) n - represents a 
hydrophilic spacer moiety made from oligoethylene oxide chains. Further, the 
moiety represented by the following formula is an ammonium hydrophilic 
portion, and a group to be bonded to the N atom directly other than the 
oligoethylene oxide chain preferably includes, for example, a hydrogen atom, a 
lower hydrocarbon group (preferably methyl group, etc.). 
[0078] 

[Chemical 4] 




[0079] 

As specific examples of the monoalkyl type cationic lipid represented by 
the general formula (1) described above, an 
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N,N,N-trimethyl-N-(3,6,9,12-tetraoxadocosyl)ammonium salt represented by the 
following formula (1)-1, an N,N,N-trimethyl-N-(3,6,9,12,15,18,21,24-octaoxate 
tratriacontyl)ammonium salt represented by the following formula (l)-2, etc. are 
preferred. 
[0080] 

[Chemical 5] 

CH3 

CH 3 ( CH 2 )f( 0C 2 H 4 )i— M— CH 3 Formula (1)-1 

CH3 

[0081] 

[Chemical 6] 

Ofa(cHa)r( 0C 2H 4 )g— N~ CH 3 Formula (l)-2 

[0082] 

In the monoalkyl-type cationic lipid represented by the general formula 
(1), a hydrophobic alkyl chain moiety formed from long alkyl chains is situated 
between the hydrophilic spacer, moiety formed from the oligoethylene oxide 
chains and the ammonium hydrophilic moiety, however, a rigid moiety such as a 
C1-C5 lower alkyl group, a diphenylazomethine group, a biphenyl group, a 
naphthalene group or an anthracene group may be situated, as a non-hydrophilic 
spacer moiety, instead of the hydrophobic alkyl chain moiety formed from the 
long alkyl chains. Alternatively, the non-hydrophilic spacer moiety may be 
situated between the hydrophobic alkyl chain moiety formed from the long alkyl 
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m 



chains and the hydrophilic spacer moiety. 



[0083] 



[Chemical 7] 



CH 3 (CH 2 ) 7 <0C 2 H 4 )^' 




General formula (2) 



[0084] 



In the general formula (2), m represents an integer of from 6 to 10, n 
represents an integer of from 2 to 20, CH 3 (CH2) m - represents a hydrophobic 
alkyl chain moiety, -(OC2H 4 ) n - represents a hydrophilic spacer moiety formed 
from oligoethylene oxide chains, the moiety represented by the following formula 
represents an ammonium hydrophilic portion, and the group to be bonded 
directly to the N atom other than the oligoethylene oxide chain includes, for 
example, a hydrogen atom and a lower hydrocarbon group (preferably, a methyl 
group, etc.). 
[0085] 

[Chemical 8] 



I. 



— N 



[0086] 



[Chemical 9] 
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CH 3 (CH 2 )^ OC — CH- N C — CH^ 0C 2 H 4 )^- N— 



General formula (3) 



CH 3 (cH 2 )^-0(j-(CH 2 ) 2 



[0087] 



In the general formula (3), m represents an integer of from 5 to 11, n 
represents an integer of from 5 to 15, CH 3 (CH 2 ) m - represents a hydrophobic 
alkyl chain moiety, -(OC 2 H 4 ) n - represents a hydrophilic spacer moiety formed 
from oligoethylene oxide chains, the moiety represented by the following formula 
represents an ammonium hydrophilic portion, and the group to be bonded 
directly to the N atom other than the oligoethylene oxide chain includes, for 
example, a hydrogen atom and a lower hydrocarbon group (preferably, a methyl 
group, etc), and the residual moiety is the non-hydrophilic spacer moiety. 
[0088] 

[Chemical 10] 



I. 

N - 



[0089] 



[Chemical 11] 




Q 



0 



General formula (4) 



[0090] 



In the general formula (4), m represents an integer of from 5 to 11, n 
represents an integer of from 5 to 15, CH 3 (CH 2 ) m - represents a hydrophobic 
alkyl chain moiety, -(OC 2 H 4 ) n - represents a hydrophilic spacer moiety formed 
from oligoethylene oxide chains, the moiety represented by the following formula 
is an ammonium hydrophilic moiety, and the group to be bonded directly to the 
N atom other than the oligoethylene oxide chain includes, for example, a 
hydrogen atom and a lower hydrocarbon group (preferably, a methyl group, etc.), 
and the residual moiety is the non-hydrophilic spacer portion as an acetyl 
group-containing glutamic acid residue. 
[0091] 

[Chemical 12] 




[0092] 

Specific examples of the dialkyl type cationic lipid represented by the 
general formula (2) include an 

N,N-dimethyl-N,N-di(3,6-dioxadodecyl) ammonium salt represented by the 
following formula (2)-l. 
[0093] 

[Chemical 13] 

CH 3 (cH 2 )r(0C 2 H 5 ^^ + ^-CH 3 

Formula (2)-l 

[0094] 
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The anionic lipid is not particularly restrictive so long as it exhibits an 
anionic property, and it may be anionic per se, and may be a known lipid to 
which an anionic group is introduced, for example, a phosphatidyl ester and 
ganglioside. 
[0095] 

The weight ratio between the rod-like body and the ionic lipid in the 
complex (rod-like body : ionic lipid) is not particularly restrictive and can 
arbitrarily be selected depending on the purpose, however, it is usually from 
about 1:10 to 10:1. 
[0096] 

The organic solvent is not particularly restrictive, and can be arbitrarily 
selected from known organic solvents, and includes, for example, alcohols such 
as methanol and ethanol, chlorine-based solvents such as chloroform, aromatic 
type solvents such as toluene and an ester-based solvent such as ethyl acetate. 
Those organic solvents may be used alone, or two or more of them may be used 
in combination. 
[0097] 

The condition for the film-formation is not particularly restrictive and 
can arbitrarily be selected depending on the material to be used and the 
thickness of the film. 
[0098] 

In the complex, as shown in Fig. 9 for the rod-like body, an ionic lipid 20 
interacts statically with the ionic site 10c in the rod-like body 10. 
[0099] 

As shown in Fig. 10, a plurality of complexes in which the ionic lipid 20 
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interacts statically with the ionic part 10c in the rod-like body 10 are oriented in 

the functional film formed by using the complexes. 

[0100] 

The functional film may be a non-stretched film or a stretched film, 
however, the stretched film is preferred since the rod-like bodies are oriented in 
the direction of the stretching to remarkably improve the strength. In a case of 
the stretched film, it can be stretched by about two to three times the 
non-stretched film. 
[0101] 

The thickness of the functional film is not particularly restrictive, and 
can be arbitrarily selected depending on the application or the like of the film, 
however, it is generally about from 50 A to 0.1 mm, and is preferably 810 nm or 
less and more preferably from 350 nm to 810 nm from a view point of causing 
the structural color development. The thickness of 810 nm or less is preferred 
since a functional film exhibiting color development based on the structural 
color development can be provided and, further, when stimulation (light, electric 
field, heat, etc.) is exerted on the functional film, the color (wavelength) of the 
structural color development can be changed to provide a film having the color 
changed, which enables application to fields of color image-formation, etc. 
[0102] 

When stimulation (light, electric field, heat, etc.) is exerted on the 
functional film, the structure of the structure-variable body in the functional 
molecule which forms the functional film changes. Therefore, the thickness of 
the functional film can be changed at will by the change of the structure of the 
structure-variable body. For example, in a case where the functional film is 
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formed using the functional molecule having an azobenzene compound as the 
structure-variable body and an a-helix polypeptide as the rod-like body, when 
visible rays are irradiated to a functional film 100, as shown in Fig. 11, the 
thickness is changed compared with a case where UV-rays are irradiated, thus, 
the thickness can be changed at will depending on the kind of the irradiation 
light. 



When the thickness of the functional film is set so that the structural 
color development is exhibited when UV-rays are irradiated, and the structural 
color development is not exhibited when visible rays are irradiated, a functional 
film capable of exhibiting the structural color development in an ON-OFF 
manner can be achieved. Further, the thickness of the functional film is set so 
that color development based on the structural color development is exhibited 
upon irradiation of UV-rays and other color development is exhibited upon 
irradiation of visible rays, a functional film in which the structural color 
development can be changed to two colors can be achieved. 



The functional film is variable in the thickness, biodegradable and safe, 
available easily at low cost and can be used suitably as a functional film in 
various kinds of fields. 
[0105] 
[Examples] 

Examples of the invention is to be explained below, however, the 
invention is not at all limited to those examples. 



[0103] 



[0104] 



[0106] 
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First, a monomolecular film of a-helix polypeptide was formed on a 
silicon substrate, and further, the same monomolecular film is laminated on the 
monomolecular film described above, to form a laminate film and the 
relationship between the number of the laminations and the structural color 
development was examined. 
[0107] 

As the a-helix polypeptide, a poly(n-hexyl L-glutamate (hereinafter 
sometimes referred to as "PHeLG") having a glutamic acid in which a hydrogen 
atom of a carboxyl group was substituted with an n-hexyl group as a monomer 
unit, was used. The PHeLG was obtained by polymerization reaction of an 
L-glutamic acid/y-methylester using benzylamine as a polymerization initiator, 
and the degree of polymerization measured by ! H-NMR measurement was 114. 
As the substrate, a silicone substrate (manufactured by Shin-etsu Chemical Co. 
Ltd.) subjected to surface treatment with octadecyl trimethoxysilane 
(manufactured by Tokyo Kasei Kogyo Co. Ltd.) was used. The monomolecular 
film was formed by using an L-B film-forming apparatus (NL-LB 400NK-MWC, 
manufactured by Nippon Laser & Electronics Laboratory Co.). In the PHeLG, 
the pitch of the spirals of the a-helix was 0.15 (nm/amino acid residue) and the 
diameter of the a-helix was 1.5 (nm). 
[0108] 

With respect to a laminate film formed by laminating 120 layers of the 
monomolecular films, measurement of FT-IR spectrum was conducted, then four 
peaks were obtained. One is a peak at 1738 cm" 1 based on a C=0 group of the 
side chain. Another one is a strong peak at 1656 cm" 1 based on an amide group 
I in the a-helix structure. Other one is a weak peak at 1626 cm" 1 based on an 
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amide group in the p-structure. The last one is a peak at 1551 cm' 1 based on an 
amide group II in the a-helix structure. From the results of the measurement 
for the FT-IR spectrum, it was confirmed that the PHeLG molecule maintains 
the a-helix structure in the monomolecule. 
[0109] 

Since the monomolecular film based on the PHeLG has a thickness of 32 
mm when laminating 20 layers of the monomolecular films based on the PHeLG, 
the thickness per 1 layer was found to be 1.6 nm by calculation. 
[0110] 

Next, the relationship between the number of laminations in the 
laminate film composed of the monomolecular films and the structural color 
development was examined. Then, it was confirmed that each of lamination 
films prepared by laminating 60 layers, 70 layers and 80 layers of the 
monomolecular films exhibited visible ray reflection spectrum as shown in Fig. 
12. Further, a laminate film prepared by laminating from 40 to 50 layers of the 
monomolecular films exhibited brown structural color development, a laminate 
film prepared by laminating from 60 to 70 layers of the monomolecular films 
showed dark blue color (dark blue, deep blue color), a laminate prepared by 
laminating 80 to 100 layers of the monomolecular films exhibited bright blue 
color (light blue, pale blue color), a laminate film prepared by laminating 
approximately up to 120 layers of the monomolecular films exhibited a yellow 
color, and a laminate film prepared by laminating up to 160 layers of the 
monomolecular films exhibited a red violet color. 
[0111] 

Specifically, as shown in Fig. 13, visible ray reflection spectra with 
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respect to the laminate film prepared by laminating 40 layers of the 
monomolecular films, the laminate film prepared by 80 layers of the 
monomolecular films and the laminate film prepared by laminating 120 layers of 
the monomolecular films were shown as follows. The lamination film of 80 
layers showed a maximum peak of a reflectance (%) at 418 nm, and provided a 
blue color. On the other hand, the laminate film of 40 layers showed a 
minimum reflectance (%) at 456 nm and provided a brown color (dark orange 
color) which was a complementary color of blue. On the other hand, the 
laminate film of 120 layers showed a maximum peak of reflectance (%) at 619 
nm and showed a minimum reflectance (%) at 409 nm, and provided a yellow 
color based on the light of 619 nm intensified by the weakened light having a 
wavelength of 409 nm. 



The wavelength (A,) of the visible ray reflection spectrum is influenced by 
the incident angle(ot) of light to the laminate film based on the monomolecular 
films, and the condition in which the wavelength(X) is intensified is shown in (1) 
below, and the condition in which the wavelength(A,) is weakened is as shown in 
(2) below. 
[0113] 

[Mathematical 2] 



[0112] 




<1) 




[0114] 
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In the formula (1) and the formula (2), X represents a wavelength(nm) of 
coherent light, a represents an incident angle(°) of the light to the 
monomolecular films or the laminate film, t represents a thickness (nm) of the 
monomolecular film, 1 represents a number of the monomolecular films, n 
represents a refractive index of the monomolecular film, and m represents an 
integer of 1 or more, 
[0115] 

Then, relationship between the wavelength (X) of the visible ray 
reflection spectrum and the incident angle (a) of the light to the laminate film 
based on the monomolecular films was examined. As shown in Fig. 14, 
measured values for the five wavelengths (X) of reflective spectra relative to the 
five incident angles(a) were substantially agreed with the wavelengths (A.s) 
calculated by the formulas (1) and (2) described above. Incidentally, in Fig. 14, 
the "solid rhombic shape" means the minimum spectrum for the laminate of 40 
layers, the "hollow square" means the maximum spectrum for the laminate of 80 
layers, the "hollow circle" means the maximum spectrum for the laminate of 120 
layers, and "solid circle" means the minimum spectrum for the laminate of 120 
layers. Then, the line I was the one calculated by the formula (1) described 
above under the conditions of 1=120 and m=l, the line II is the one calculated by 
the formula (I) described above under the conditions of 1=80 and m=l, or 
calculated by the formula (2) described above under the conditions of 1=40 and 
m=l, or calculated by the formula (2) described above under the conditions of 
1=120 and m=2, each under the conditions of t=1.7 (nm) and n=1.6 (those three 
lines of calculation results are substantially overlapped with each other). 
[0116] (Example 1) 
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First, an a-helix copolypeptide PLLZ25-P (MLG 4 2/LGA 18 ) was prepared 
as the a-helix polypeptide of the rod-like body in a manner as described below. 
Namely, polymerization of N E -carbobenzoxy L-lysine N a -carboxy acid anhydride 
(LLZ-NCA) was conducted using n-hexylamine as an initiator, successively, 
polymerization of y-methyl L-glutamate N-carboxylic acid anhydride 
(MLG-NCA) was conducted to prepare a block copolypeptide PLLZ25-PMLG60 
having a degree of polymerization for the PLLZ segment of 25 and the degree of 
copolymerization for the PMLG segment of 60. Then, the PMLG segment was 
partially hydrolyzed into L-glutamic acid (LGA) to form an a-helix 
copolypeptide PLLZ25-P (MLG 42 /LGA 18 ). Then, azobenzene was bonded to the 
circumferential surface of the a-helix copolypeptide PLLZ25-P (MLG 4 2/LGA 18 ) to 
obtain a functional molecule. In the a-helix copolypeptide PLLZ 25 -P 
(MLG 42 /LGA 18 ) of the functional molecule, 10% of the total side chains were 
azobenzene. 
[0117] 

An emulsion containing the functional molecules was coated on a flat 
plate and dried, whereby a functional film made from the functional molecules 
was formed. The functional film had a thickness of 128 nm, and it was 
confirmed that when UV rays are irradiated to the functional film, the thickness 
of the functional film was increased, when visible rays are irradiated thereto, the 
thickness of the functional film was reduced, and the thickness was changed at 
will by the irradiation of visible rays or UV-rays. Further, the functional film 
exhibited a color of a reflection wavelength of 418 nm when irradiated with 
visible rays, and it exhibited a color of a reflection wavelength of 619 nm when 
irradiated with UV-rays. 
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[0118] [Example 2] 

A functional film was formed in the same manner as in Example 1 except 
for using a functional molecule in which azobenzene was bonded to both ends of 
the a-helix copolypeptide PLLZ 25 -P (MLG 4 2/LGA 18 ) not to the circumferential 
surface thereof as in Example 1, forming the functional molecule into a complex 
together with a cationic lipid to be described below, dissolving the complex in an 
organic solvent, then coating the solution on a flat plate, and evaporating the 
organic solvent to form a film. Then, evaluation same as in Example 1 was 
conducted for the functional film, and results similar to those in Example 1 were 
obtained. 
[0119] 

As the cationic lipid, N,N,N-trimethyl-N-(3,6,9,12-tetraoxadocosyl) 
ammonium bromide was prepared in a manner as follows. Namely, 1.0 g of 
sodium was added to 65.0 g of tetraethylene glycol and dissolved at a room 
temperature. A dried benzene solution containing 8.0 g of 1-bromodecane was 
added dropwise thereto while stirring, followed by heating for reflux for one 
night. After cooling, concentrated sulfuric acid was added for neutralization, the 
solvent was evaporated, distillation was conducted under reduced pressure to 
obtain 6.17 g of 3,6,9,12-tetraoxadocosanol as a colorless transparent oily matter. 
2.0 g portion of the resultant material and 0.5 g of dried pyridine were dissolved 
in dried benzene, to which a dried benzene solution containing 1.0 g of 
thionylbromide was added dropwise while stirring. After separation of the 
precipitated white precipitate through filtration, a dried benzene solution 
containing 1.0 g of thionylbromide was added dropwise again while stirring. 
After refluxing for one night, ethanol was added to decompose excessive 
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thionylbromide, the solvent was evaporated, and the residue was distilled under 
reduced pressure to obtain 1.8 g of l-bromo-3,6,9,12-tetraoxadocosane. 1.5 g 
portion of the resultant material was dissolved in ethanol, to which a 
trimethylamine gas was blown, the resultant material was stirred in a tightly 
sealed state at room temperature for 3 days. The solvent was evaporated, and 
the target material was separated from the residue through an open column to 
prepare 1.5 g of N,N,N-trimethyl-N-(3,6,9,12-tetraoxadocosyl) ammonium 
bromide. 
[0120] 

Then, 50.0 mg of the a-helix copolypeptide PLLZ 25 -P (MLG 42 /LGA 18 ) 
was dissolved in 20 ml of water, a solution in which 68.3 mg of the 
N,N,N-trimethyl-N-(3,6,9,12-tetraoxadocosyI)ammonium bromide as the cationic 
lipid was dispersed in 20 ml of water was added thereto while stirring under ice 
cooling, then white fibrous precipitation was formed promptly. After stirring 
as it is under ice cooling for 30 min, the precipitate was recovered by centrifugal 
separation followed by freeze-drying. The obtained white fibrous powder was 
dissolved in 15 ml of chloroform/ethanol (4:1), filtration was conducted to 
remove insoluble matters. The filtrate was added dropwise in diethylether to 
reprecipitate a white fibrous material. The precipitate was recovered again by 
centrifugal separation, vacuum-dried to obtain 80.4 mg of an a-helix lipid 
complex (a-helix copolypeptide PLLZ 25 -P (MLG 42 /LGA 18 )/ 

N,N,N-trimethyI-N-(3,6,9,12-tetraoxadocosyl)ammonium bromide complex) in a 
state of white fibrous powder. 
[0121] 

The obtained white fibrous powder was subjected to elemental analysis 
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to obtain an elemental ratio between carbon and nitrogen. As a result, it was 
confirmed that the cationic lipid was bonded to the anionic groups of the a-helix 
at 1:1. 
[0122] 

[Effect of the Invention] 

According to the invention, a functional molecule whose structure is 
variable, being biodegradable hence environmentally friendly, and suitably used 
for various kinds of fields, and a functional film prepared by using the 
functional molecules, being a variable in thickness and suitably used for various 
kinds of fields can be provided, 
[Brief Explanation of the Drawings] 

[Fig. 1] Fig. 1 is a schematic explanatory view showing one embodiment of the 
amphiphilic rod-like body. 

[Fig. 2] Fig. 2 is a schematic explanatory view showing a mode having a 

structure-variable body in one end (straight chain) of the rod-like body as one 

embodiment of the functional molecule according to the invention. 

[Fig. 3] Fig. 3 is a schematic explanatory view showing a mode having a 

structure-variable body on the circumferential surface (side chains) of the 

rod-like body as one embodiment of the functional molecule according to the 

invention. 

[Fig. 4] Fig. 4 is a schematic view for explaining the interference of light due to 
the monomolecular film formed from the functional molecules of the invention 
formed on a substrate. 

[Fig. 5] Fig. 5 is a schematic view for explaining a theory of the structural color 
development. 
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[Fig. 6] Fig. 6 is a schematic explanatory view showing the formation of the 
monomolecular film based on the functional molecules according to the 
invention. 

[Fig. 7] Fig. 7 is a schematic explanatory view showing one embodiment of the 
amphiphilic functional molecules in a state being oriented on water (water 
phase). 

[Fig. 8] Fig. 8 is a schematic explanatory view showing one example of a method 
of allowing amphiphilic functional molecules to vertically rise on water (water 
phase). 

[Fig. 9] Fig. 9 is a schematic explanatory view showing one embodiment of a 
functional molecule according to the invention, which is formed into a complex 
together with a cationic lipid. 

[Fig. 10] Fig. 10 is a schematic explanatory view showing one embodiment of a 
functional film according to the invention, formed using the functional molecules 
shown in Fig. 9. 

[Fig. 11] Fig. 11 is a schematic explanatory view showing one embodiment of the 
functional film according to the invention. 

[Fig. 12] Fig. 12 is a graph showing a relationship between the wavelengths of 
the structural color development by laminate films (60 layers, 70 layers and 80 
layers) prepared by laminating the monomolecular films formed from the 
functional molecules according to the invention, and the thickness of the 
laminate films. 

[Fig. 13] Fig. 13 is a graph showing a relationship between the wavelength of the 
structural color development by laminate films (40 layers, 80 layers and 120 
layers) prepared by laminating the monomolecular films formed from the 
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functional molecules according to the invention, and the thickness of the 
laminate films. 

[Fig. 14] Fig. 14 is a graph showing a relationship between an incident angle (°) 
of light to laminate films (40 layers, 80 layers and 120 layers) prepared by 
laminating monomolecular films formed from the functional monomolecules 
according to the invention, and a reflection wavelength X (nm). 
[Explanation of Reference Numerals] 
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[»**3] *Rflc©***8 1 OnmJ^TTfcSff 
1 Xtt 2 lcE«o««Ett^ D 

Ks DNAW7 S n— ^<DV^1*tt^"Cfe5B*^l^ 
« 1 5 <ov^Tn^l-E«o««Btt^. 

l 1 1 **pT«##**tt^TfcSWJMl 
l o £Ettft>MMM£#?-. 

m*i i 2 ] *3fcpne**r ✓^<x^fls**-c*> 

i 5 ©v^ixd^cE«©«MBttj>^. 

1 3 1 m^&mm#ifre>m.mi^& 

|f*:3g iH12 ov^Tix^^eft^WIBtt^^o 
[UMPK l 4 ] fltift PTK^WK^oflillwttf^ Lfc 
»*|[lj&»e>i 2 ©v^toW£B*©«MWt#*-. 

[ft^Ji 1 5 1 m^K^tm^^KSras i,fc« 
•iBtt^ fey ^ ^m^tm tt * 5 r t t 1- 

[0 00 1] 

[0002] 
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[0 0 0 3] 

zmtfrtrz^tzmmt-rzo bp*>* *$g^ti x saw* 
a ft«tEtt7 -f /pa r £ £ a ^ -r 

[0 0 0 4] 

WBt)l»t5fcftO#ft] 5 fc* 

<i> mmz±vmm^m-e&>z>mm-*j&#t. m 

< 2 > «aHs»6«r^i-me< 1 > icE*<o«MBtt# 

<3> 8 1 0nmKT-e*>5S&E< 1 

>Xte< 2 >^E«o«tttt»*-efc5. 

<4> #^ff^ a _^y ■ *y^t^K, DN 

A'SlXJ-T ^ o— ^<OV^iX36>-C*>5StrE< 1 >d»fe< 3 

20 xov^tt^icEm^WtBtt^-efcs. 

< 5 > »3S"5rXtt:<D»jSd s K{ki- 5 r. t lc J; «9 
*fti-5*ME< l 4 >oiv«xjWcE*«>«tt 

< e > «3tpr3Eflc35^x-*aSds-5r«-e*)5«rE< 1 > 

**b< 5 >cov^^«-E«o«jiBtt^-efeS. 

< 8 > «jipraE*36Siii-c«sft3&s prae-e*siwa< 1 > 

< 1 0 > «5fprag»365«»t?«5tis pT3Et?fc5«rE< 
l >a>6>< 5 >^>v^-Tix**»cE«t(0«tBtt»*-e*>6. 

< l l > «S*TO**«**tt»*-C«>8ttE< l 0 > 
^E«0«IBtt^T?*>5. 

< i 2 > ttat^^sr^-o-tf Wb**-e*>5«rE 

< l >3&*fe< 5 >ov^Tix*»jz:E«o««ttiMF-e*> 
5o 

40 <13> «a^*dS«i*«:©i4«lc»^UfcSftE< 
1>H<12 >ov^*t*^J:E««>«WBtt5J^-efc 
6o 

< 1 4 > «5t^«*dS«^«:(©flO«»cjBf*U^ttE< 
l 1 2><ov^Tix^^E*o«fi6tt^t?fc 

< 1 5 > *^it&tmw»?Kt:flM u^aa^t 

LT«t^fett5fl(rE< 1 >d»fe< 1 4 >KEiftG>«SBtt 

< l 6 > ME< i >^><b< l 5 xov^i* ixd^cEtto 
50 Bitt»?t7-<A/A«|ci*»fCft5ri:t»ii:t 
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[0 0 0 5] 

[ooo6] www** t ur i± % **-e*> 

-e#, ttttttMMfe* ^»tt^^«•«>v^i■i^•e«>o-ct>J:v^ 

[0 0 0 7] ttE»ftttt«k LTte, «*tf, ^*ii5 
h\ S8£ (DNA X RNA) 4Jf##»C»H r fe*L5. 

>\ xt7-;>, 7^y;yy, hn^^ 
[0008] me«W*«»^*-Ct>* SejtfclttfcSrl* 

A/tt*«»*^f±, ±aifct>(o©rt, « — y^* 

• # V ^"f- K, DN A, 7;o-^ft^RSt5e 
[0 0 0 9] (a-My^^-#J^fK) MI5a 

ato— or-fot), r^y^3. 6fiir^c i (i 

(-NH-) (-CO-) irOWKiBIUaE 

[0 0 10] ffirlSa-^y ■ *P^<^ K©6* 

A/*fitLTIt «Mc»JRlifc<* S*#t-fcoTtJ: 

[OOlllUlBo-^yy^- #y^^K*r** 

(Asp) , ^Vl^S^R (G 1 u) N T 
(Ar g) , yi^> (Ly s) , fc 
(His), T*^3r>- (Asn) , ^A<* ^ > (G 
In) , -ty > (S e r) , (T h r ) , T 

(A 1 a) , Ayy (Va 1) , P'fi/'V (L e 
u) , -ryn^i/V (lie), v^x-O' (Cy 
s) , ^ (Me t) , (Ty r) , 7 

x=;V77 = y (Phe) , hy/h7r^ (Trp) 
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[0 0 12] ^noWIBtt^Cr^nottlBtt^^ 
/uAfcf£J8i-5»fiictt* UtriEa >y . tfyxi 

[o o i 3i «HB^r^-^ttffltuTH, r-^ttffi, 

scjiv tfrffia — >y s/^^ ■ tfy^^Ktefeit*** 

[0014] BtrEr=^^tt»tt. m&T* ;mz£K> 
^fc^ti/r^-t^Ji^u BfriBa-^y • #y-< 

20 (hurts, r^^7=¥^», ^/u^ ^ >>wts >x^>r 
^-o^^ftif^rf bttSo ft**, filer ^^-vtt 

WBo-^ y ■ ^y-<^K{c*3»t5^:S 

[0015] swa^^*^tt««, ffiSftr^/S(-J: 
9*j***L-Cv^Tt>J:v^u WE a — ^y • ^ y 
K (c^ Jt 5 fff(D7 $ y loitti^ # ^ Vtt 

tf^^^o ft*, iwe* WBo-^yy 

. *y^9-K^*5»t5±*|^fc^:o-C»«£i-5« 

[0016] Mis a y 3/ ^ ^ • ^ y -<>^^ Ktf^te 

SfrlB«**i:-rS»^, MIST ^/^<h LTfi, 
iry^ (Ser) , xix^-— V (Thr) , T^'<y*t 
40 ^8 (Asp) , ^/U^ 5: (G 1 u) , T/W^r-^ 

(Ar g) , (Ly s) , 7^7^^ (As 

n) , (g i n) ftztwmzmf t>ti. m 

tt, 7x=/U77^y (Phe) , fy7 P h7r^ (T 
r p) , ^yn^yy (lie), ^a->^ (Ty 
r ) , y^^--V (Met) , vfi/ls (Leu) , s< 
y > (Va 1 ) fcifjMfctfMlS. 

[0017] s&isa — >y • *y^^-K 

50 ic^tt^, ^^Ktt-frSrfllSfcL^v^/u^^^/uS 
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[0 0 18] tfTET ^ /»t LTI4. L — T ^ / Sc N D 
[0 0 19] «Ba-^y ■ *y^^K^*5Jt 

ft< i«ji^scTjg^ji^-r5r ksfts-efrsas, 10- 

5 0 0 0-C*)5OW* L^o SftlBfe'&fiS 

[0020] strisa-^y • tfy^f-h'toMrft 
mkL,x&* #y (v-^^w-l-^^^ 

— b) x #y (y-aLfvv-L-^/w** — b) , ztfy 
(v--<y^i — l-^a-*;*— b) s #y (L-^Vl" 

^^S-y-^y^) , ^y (n-^/U-L- 

*vv*;*-b) *o#y^*^im*ft\ #y (0 

— O-vvv- L-T^^/i^r— b) wyr^/<7^f 
#y (L-a^i/^) , #y (l-t^~ 
» , #y (l-^^^-v) , #y (l-7x-;u7: 
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, #y (L-y^» -#y (y-^^-L 

[0 0 2 1] mma-^V y?*- # V K k LT 

[0 0 2 2] MIBa-^y • ^y^^Ko-frj* 

^-flat,yD^3^y^fK(/i?D (L-y 

10 is» 25-^y ( y — ^VW— *L — ifjV&/> — h) 
6 0 ] PLLZ2 5- PMLG6 0(D^l^T^t 

y (L-y is is) (y-^/u-l-^/u* 

b) so] PLLZ2 5— PMLGeo f4> Tie* 
(LLZ-NCA) 

tK^i (mlg-nc a) <Dm&&ft o^k\z£*) &fStfr 

[0 0 2 3] 

* [flsi] 



<5 



PLLZ D 



LLZ-NCA 

(? = 0 DMF 
? 

CH 3 
HLG-NCA 



[0024] ftfris a — y ^ ^ • tk y ko-^j* 

^^jf^tb^o SWBSiSNBfflt bTtt. ^flim, femS 



GH 3 -(CH 2 ) r NH 2 CHrfClOrHH^IH^H 
THF ^ |h 4 

? 

PLLZ„ (ro=25) 



0 0 
CH^CH^- NH-6C~9H-^H);(C-9H-NlO^H 



f C=0 

9=0 9 

? CH, 



5 



50 



PLLZ m -PMLQ n OiF25.n=60> 

[0 0 2 5] gljfEa >y • aKy^t^K 

(4. a-^7^>. nib°y— ^ > s -7^-^y 

i*ie^bt<oo — -y 2/^^«a»»4rffl9ai-j-r. 

[0 0 2 6] (DNA) frIfSDNAt4x l«DNAt 
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Wt, (A) . ^ >- (T) % i/T~> (G) R 

u^vtsis (c) <o4aiai«>a»*fiK-e?BfiKS^-c*5 

atTE2*«DNA^*5V^tt, 2*£>*y-<:7 P 

[0 0 2 7] StrlEDNAtt, ^OPCR (P o 1 ym 
erase Chain Reaction) L C 

R(Ligase chain Reaction) 

3SR (Self — sustained Sequ 
ence Re p 1 i c a t i on) 1 'SDA (St 
rand Displacement Am p 1 i f i 

cation) ^mcx^mm-r^^ fcas-cssav r 
[0028] wisDNAtt, ^«s<oae^j&»biw 

[0 0 2 9] MIB®e^^n-=^^ft(0#^, #J;i 
tc<fc 9S(rEDNA4:*:*(cP»i-5r. fcas-e*5. ittrE 

fls#**»ktttt, byx^f^s, My> 

«**tt*if3a«#if bttSo i»E{b^iSifc<oi&£\ ^ 

*POS»^rt«*S:fflv\ l**©DNASr*ii:*» 
LfcflL T~-V>>i/Z'<70^k\C£*)^ 2WDNA 

[0030] cr^n— utriar^n— 

L> ^^[:^otliiS 1 1 (^f o T ^ J: 
[0 0 3 1] B&E#ttflW*S ttm #K*J«tt:4 
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«astt*fe*£C£-fr£«*a>e>tt. 8 1 onm^Tt 

fc^OiSJfiK, 1 0 nm~8 1 0 nraX'fe^^J; 
[0 0 3 2] WE1*tt»^ai: L-CHt, #K:««tt4ir* 
8 — 2. 0nmlST'fe5 o 

[0 0 3 3] lltrE*R*ti\ *©*»jMfeJcttXttfc* 

[0 0 3 4] ««©7-f^Oil*, lWEIWft*#W 
Ttt, Effete (W*tt) Sr*i-»»aW»*tt«r^i-» 

m:tm5o *fc, rtD^, mams (m* 
[0035] r zx\ m&mm.m&(Dmt<*<o-mzm 

i{Z7jk-r o 0il:j3^t, ORfrlOlt ^-HBWBlc 
fttt&SB 0**tt») 10at fmm\zmyMtm 1 0 
b ^WT5o 

[0036] <«3ftprsE*>iWrEflHt^ra£<*t ltw\ 

[0 0 3 7] ffifE^k LTIt, {b^»JW*X^*iffiW 

[0038] WE5ttcj:*)«at*s^r«-e*>5«itRraE* 

[0 0 3 9] ME^^tt^kUTfi, *lcj:»j»3SJc 

[0040] unewi^ j: o«s»^'BrKft«ia^nE*fc 

[0 0 4 1] «rE*MfcR*S^fcLTtt, 
50 *>^D^^fy^;vjify87x-/i/x^f/Wt:^li, ^> 
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[0042] stria^-f^a^-f y^aatt^t lt 

ft, ®^^>5:^ (C. Destrade. , eta 
1. , Mo 1. Crysr. L i q. Cryst. , v 
ol. 7 1, pagelll (1981) ; 0 #fls9*# 
{§. *flffc5fc»R, No. 2 2, *»<D{b^ 15$, 
glOSS2Si (1 9 9 4) ;B. Kohne et 
a 1 . , Angew, Chem. Soc. Chem. C 
omm. page 1 7 9 4 (1 9 8 5) ;J. Zha- 
ng e t a 1 . , J . Am. Chem. Soc. , 
Vol 116, page 2655 (1994)), 

tfcmW^ 5-5 8 3 7^ »BB¥ 8-2 7 2 8 4 
4§- v 8-334621*. ¥fffl¥- 9-1 04 6 5 

eos«^ £ 5 mads »r**«a «r«*w:, i iMtft 

[0 0 4 3] SMBtRlc J: 9 RT**«iaTO*flE fc b 

[0044] imm^m&mKt lth, «*r*, aw 
m&mjs&mirf bti, *<w«Hctt, #y^u>-, #y 
^ufuv, ^y*{ttr=./K tfy*^i">\ *y*k<ft: 
t*~y^, 7y*»jg. * y * * * y /I** ?vv* 
t\ li^^yr^ k, *y^*7VK *y#—* 
*— k *y 7=~u>**c*/h\ af**D*o»Bjffltt 
*y*u*>-, maim**©* yr-fe#— /Keif **^f 

[0 0 4 5] K±0»jfHT3E#fc flKSSr RTiSitt 

[0 0 4 6] 1WE»W»tt#i:bTtt, *ICJtO«ia* 
ft, v-V-T^mft^if^^tf bti, 7/S (-N 

=n-) Sr*tf«a«){fc*», #J*tf, r :/{&*** r 

[0 0 4 7] ttimr^it^t LTtt, Mxili. 
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Kffc*®, T> f ^*^*>»^ai^Wb*«J*if3ft s *tf 

f)ix5 0 ffliBT;/*^fc**fc tttt> 7/^vrgt 

[0 0 4 8] WET>/-<V^>fl:*«5jC3taWUfc»* 

©flRMftfcTlBic*-*-. T^^i/MisW&m (h7^ 

*gtt#) 12, 3 0 0-4 0 0nm«lRSW 

<Dfi£te, «§9. 0ASS^t*fc5 (TIB 

(a) ) „ ztucmftmzmzt-rzz. tt~xy>s ^-t* 

5. 5AWtfc57^>f> (f*»4fl0 (T 

is (b) ) icwaasgfcu 

[0 0 4 9] 
Ht2] 




UV^c 



5.5A 



300~400nm 



0. 5D 



Cb> 



400~500nm 



3.1D 



[0 0 5 0] mzmmtimteh LTJi, 0 2i:^tJ:5 

[0 0 5 1 ] ffnEtt&RTXtta*, «TlE#ttft:©««^S» 
*LT^5^*, »*flc©±fll«^*5JtS«iS«r«#0 
40 fJ^irLTfi, »^»JRtt*<. J: 9 SUSiRS 

[0 0 5 2] «Btt. BSSUtt* 

ltd, ffe*«*»tctt«Siv 3fc#Sfc* 

JIMfffc^afr^a £©y V»ftif^*b*L, IR (g) 

[0 0 5 3] «rE«5Stt5Sfett. ^7^g6a<7>»«&0 

50 s£fe**wa-c*>^#JiSM!tT*att^*^t. 
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(7) 

// 

\z % te«i£3Sfef*: (R, JB) <Dff*fc*<z>H»*fcJ£C 
[0 0 5 4] *«WI-*3V^-CW:, WEaBfeOf-efc, Sfe 

[oo5 5] :i-e, weflistttjsfeoflca^ov^TT 

lc*35S»l*S*tfclll^«[R^J:5T»*«>*« U) 
TIE (1) »c*1-*fr-ea»«>b*t. TIB (2) ic^ 

[0 0 5 6] 

A = 2 t 1 A/n 2 -s i n 2 Of < 1 ) 

m V 20 



A == 4 * ' A/n^-sTi n 2 or <5>> 
2 m — 1 V 

[0 0 5 7] tfrSBSfc (1) (2) {Cjo^T. 

;U2. ^atOjfift (nm) 4r*«cU alt fflEK^ 
<D%<DXftih («) SrSBfeU t tt. lOl^. (nm) 
&SttU 1 tt, BtoRitftL, ntt, R©H*r*«: 

[0 0 5 8] BfrlBR*)***: Ltli, 8 1 OnmKiTt 50 

t>#£Lv\. ffiriaff^tiaaiXH-rsr^tiijio. stria 

[0 0 5 9] MBRtt, ^^R"CfcoTfc«tV>U, IS 
*»^R*cJ:5*»RT*>oTfcJ;vv 0 MIS^S^RX 

ct $a(reftBRtt. ?^s»t-:/ 

p 3***1*86 (LBj£) (^oTMt5ii^# % 
&xl/^ hn^^. MJ-XliS^NL-LB 40 

[0 0 6 0] mmmft+mvmm*. 

i «3S rTSE* J: & j>^> £*®_b <*«_L) 

ft6 0S:fflv^Sfi5 0±ld?B^5w <h^T*#6 (ft 
*5, StrlBfllitpraEtfttH^Sr^llSUfc) . :©ftf^8 50 
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«WRJlUfc«nEWJIR«:«*i-5r k3ft«-e#5 0 

[0061] ro^t, s^s 00*^1*. mm 

S:fTo-C*5<036S»*b<, Il6tt»?li:*5 

/u^n^*>ft^fcfflv^fcR*(b«a«©*B*ra«:T 
[00 6 2] ft*5, WRjfctto«*Btt$^©*#*R«r 
tttt, 13 7 i^^-Tii 5 , «riB7kffixtt*fi± 

r% i o (Dmibftin («*«=») 1 o a i^±*ss 

IMhR«LTE|r)U 0 bH±asStMcR« 

[0 0 6 3] !UttMtGttim#^||K>w# 

M«o«-e*«*, «E««it»^3fts*»^R«>»^* 
AHEM (ffiRLfcttlfc) bfc*»*Rli, «x.tf, K 

■*-±3»c. *i\ Mlltoft^io (a — -!)^ 
* • tfy-^^K) £r*®_h (*«JL> 
ORlcRfcJRW T% C*«) ^pH^rl 2^So 

r/^ytttci-^c -rsi:, i^*io ( a — y >^ 
-^y y?*mfetmttX7is?j*t£mfe%h s 0 

<?:^. 1 0 (a-^-y • tfy^^K) ^ 

^ 7. • ^ y K) lc*5lt5R*tt« 10bi\ St/ 
a — > y y^^«a*:4:5 i5(cftS e M 

ftlO (a ^7^^' #y^^K) IC^tL, 

«#10 ( a -A.ys,^7-7j?!J^f K) (CSS^^: 

R*tt«l o b^*S*-e-to*BBi:*i(tSEi-5*lRU2: 
W»oTb-^ y -y^^*Sl*:i:6J:5lcft5 0 

lll6^ffiV^TJla^UfcJ:9^C. MftlO (a — 

y y ^ ^ • 4< y K) feEft S*fc«R-C*f m«B« 
6 0^fflV^T£S5 0±lCjf Lffltr ^{CJ: 0 

3Ei-rt«cj:0, ««5 0±*cR*»T-R*:ffi*OR« 

[0 0 6 4] *38w^»RttiHFtt, Mm. mm<o 

<, R. RR*rt**ftif©#«»**cffii 
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[0 0 6 5] *SW©iStt7>f;VAtt, gtflB^^O 
[0 0 6 6] ^TlS^co^i: LTIi, ^ftfJESttft 

<, @^^jscxil^:3i^i-5r ^^^#5^. Striae 

[0 0 6 7] tJlB^A^gV-fcLTJ*, *f>tt«S!0> 
»SLV\ 

[0 0 6 8] Wjlctlliiiox^^gy©^ ft 

[0 0 6 9] AMB^/l^a >lC*5*t««HE«*tt^- 
[0 0 7 0] ttCAS^Sj: Lttt, WcMRWttt 

5o 

[0 0 7 1] S9Ea*<o*ife^ Ltli, «i:HIStt4 
<, /u-K=i-hS, ^— a— httu * 

[0072] *fc, «triaric»o*isfe ^ lt, WiE^tt 
^mmt (ornate* ? << *#*#**f 

[0 0 7 3] fc*5, (WE*Kflc*>r*vtt» 
[0 0 7 4] WE-f^vttBIKirUTtt. iEXii^om 
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[0 0 7 5] SMajfr^^ttBBKfc ^^ti 

fct>CD-efcoTfc<fc<* TIB— (1) "C* 

70 (2) , -tt* (3) JfcV-«* (4) *>vvfna>-o* 

[0 0 7 6] 
[ft 31 

CHaCcH^O^H^N- <D 
[0 0 7 7] «TK— «5t ( 1 ) (C*5^T. mtt. 7-1 

3o»ft«:*gfcu ntt, 4-i 5 u c 

20 Ha (CH2) .-Wu Ki7^/HIJ;!l45»*tt7 
/u*/HK«-efc!K - (OC2H4) n -H, ^-y=f^^ 

[0 0 7 8] 
[ft 4] 

I ♦ 



[0079] stria— (1) -cssixs^y r/v^v 

(1) ~l-C*Six5N, N, N-hy^f^-N- 
(3, 6, 9, 12-fbmtK3Wl/) T>^E-~ 
^AJfi, TiEst (1) -2T***tb5N, N. N-H 
^^/V-N- (3, 6, 9, 12, 15, 18, 2 1, 
2 4-t^^t^trh7M/73yf/v) 7V^!) 

40 [00 8 0] 
[ft 5] 

CHa( CH 2 ^a-( 0C 2 H 4 ^-j — N— CH 3 ^ < 1 ) - 1 

[00 8 1] 
[ft 6] 
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1 




(9) 



2002-285138 



15 



16 



CH3 

CH 3 ( CH 2 )t^ 0C 2 H 4 ^g N CH 3 
CH3 



[0082] mis-®:^ (1) -casns^/T/i^/i' 
*-?Ag*ttS borate, S«7/v^;v«-CMSix 

[0 0 8 3] 



* [0 0 8 4] ffim-f&7£ (2) t^io^T, mil, 6-1 
Sfc CI) -2 O<0ffiR«rfic«cU ntt, 2^ 2 0 <Dm%t*MML^ C 

H3 (CH2) ■-35S**ttT/V^/KH»-CfcU, - (O 
C2H4) n-^y ^xfuvt^f>f K*-e*j*Sft 

70 [0 0 8 5] 
[ft 81 

I. 



[0 0 8 6] 
[ft 9] 



[ft 7] 
CH 3 (cH 2 > T (0C 2 H 4 h*^ 



20 



-&3£ (2) 



— N — 



I 



0 0 1 

CH 3 (cH 2 )^0(j~(CH 2 ) 2 



-«K (3) 



[0 0 8 7] «TSB— #5t (3) (^V>T, mW\ 5-1 
i<oSE»S:5ft*U nti:, 5 - 1 5 oSERSrjft* U C 
H3 (CH2) ■-3&ssfc*|4T/V^«ffl-efc5^ - (O 

C2H4) n-^ty i/ym-f Kfit^sn 
7^=!>AaMSt$)^ fltrie^-y^^ux^ 

JJW\ ffift#ift*X£ (^^»ftif*5#*UV^) ft if 

, w v J hH 

CHaC^M 0C 2 H 4>T OC — CH- N C— CH,- 
CH 3 ( CH^-( 0C 2 H^ Ojj "<CH 2 ) 2 
0 



[0 0 8 8] 
[ftl 0] 



[0 0 8 9] 
[ftl 1] 



-N— 



— N — 



-*M (A) 



[0 0 9 0] SftIB— jRA (4) i^t^T, mtt, 5 — 1 
l©Mfc«rft#U ntt, 5-1 5^MIc«r*«5U C 
Ha (CH2) »-^«*ii7/^;«T'fc^ - (O 

C2H4) n -fr*y w**im K«-e»ritsn 



1M K«CWHcN*-TJci[«Br*i-5*fc ITU zkS 

flW\ fe^KftTK^S (^*"/U*ftif3ftS»*bV0 ft if 
[00 9 1] 



rv^e^^^a^ttss-efe?). ftfrlB^-y ^fuyt^ 50 [fti 2] 
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* 




— N — 
I 



00) &m2 002-285138 

17 18 

]♦ *^£*L£N, N — ^vl — N , N-v> (3, 6 -v^ 
[0 0 9 2] tfrfB— (2) a T?X£*l5£?77l'*/l'9 [0 0 9 3] 

*»-*vttiMto**M*i:UTtt, TE5£ (2) -it-* [fti3] 

CH 3 (cH 2 > r (0C 2 H 5 V^ + ^-CH 3 
CH 3 (cH 2 >r(0C 2 H^r^ "^-CH 3 



[0 0 94] mUT^^mSnt T -^Vtt 

[0 0 9 5] »E«^*^*t5«&««»i:lWE>r^- 

tt, 4#K#JRteft< BttfcitCTa»a«i-5Ci:3&s-t? 
: 1 0-1 0 : liS"C*5. 
[0 0 9 6] tW2W**a^: LTtt, EMcfftlRttft < , 

[0 0 9 7] *&EfifcRtf>*fl=fc U-CWt, «NC*JR«:ft 

[oo98] «na*^#^*5VNTtt, feRtra 9 ic^-r 
oicjojt^-r^-^ttspi 0 ct;: s -r^-> 

[0 0 9 9] ttE*^*t«V^«™iBtt7^^AjC 

as^m 01 oi^i-ao. ###1 0 ^istts-r 
[0100] mwsm&y << imw? * ^j*-? 

2-3 f&ms * -e5E# piiB-e fe 5 o 

[0101] »E«IBtt7^/^©f tttt, «MC 

— RWfCf*. 50A-0. lmraiS 
^fcO, «rE*attt«feS:^i:S-e:S«^fett, 8 1 
0nmJ^TT*fc£CD^#£L<, 3 5 0 n m— 8 1 0 n 
mt*fc5^J:!?ffiU\ WEfW8 10nm»T 



10 &<D& (jfift) 4:36ft S-tirSr ir^T't, ffe7^/UA 
^ffi£ft5;£T*#£L^ 0 

[0102] mmm&z7*{/i'M^ mmmrn ot, s 
5 wEWiBtt^ ic*5 (t ^ a«E«a^rac*o«ads*ft 
<o«a<D3Cftjc±onc*3ftsa&^aefti-5. wtn m 

EiM7>f;i/A^, T^-0-tfVft^4rSfrE«jtpT 
^ttttU a *V • TKy^^KSrStfE 

£i-J4, Ull f^i-i 5 i-, «UBtt:7 ^f/^iooi: 

[0 10 3] ffifE«ffift7w/^Off^Sr, $?*HI£rJ8l 
«*Lfc*lc«rE«JaMt*6Sr^U, TO*«rlBI*l;fcl» 
lcWEfl|3ttt«ft«r*S ftv^i 5 icRjfc-ttxtf* IffES 
iSffiXMON-OFF-CMS^^r ^tfRTttfttttt 
t7^;VA^f5r^^T-#5o »E««*7-f 
30 /^Of^^, «^«k«rMAtU^NF^mE*att»&(c 

«fc 5 fcRJt-ttxtf, «TE*3ttt«fe«r 2fe^a6ftS*S 

[0104] tfrE^ti^>f/^A{4, ff^asnrae-efc 

[0 10 5] 

40 tt^ixfe^**«l^bR^S*tStOTttftt\ 

[0106] 4-f , a — ^ U ;y ^ ^ • 3tf y K^i 

[0 10 7] iEa-^D .y^^ • * y K 4: L 

5 V8©*^#^WUSO**JRft n . 

(n ^vvu L-^U^^-h (^T TPHeL 

GJ tSEtSw^SfcS) SrffifflL^:. glPHeLG 
50 14, ^y^/ur^ ^Srl^HJSPJt LtfflV^L-^ 



-10- 
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19 

ft, ^^IMfi 1 H-NMRSJJ&CJ:** lHt'fc 

(XSWtoSXlKtfcK) «r«^t*fflfelLfc^yayI 
« («ttfl2*X*tt«) £&S!Lfc 0 tMEHl^Rrt, 
L - B mi&f&mW (B*W- If— Fn^n ■ 
7^7hD^-m NL-LB4 0 ONK-MWC) fc 
ttilTWlt 4*5. SttSPHe LGK*3^t\ a 

-^yy^^©(li©tfyfao. 15 (nm/T^y 

ttSS) T?*>9 % a-^y y^^©Igttl. 5 (n 
m) Ir&ofco 

[0108] r o»»^K«r 12091 LfcSlJSBIlco 
l^T, FT-IR^ 4oco 
fc>-*#»feixfco lo!4, ffl«OC = OSCi^5< 1 

7 3 8 cm" 1 OtT— *T*>5 0 fcplote, a *y 

5/ * *Ht3t*<£>T S KS I lc£^< 1 6 5 6 cm" 1 © 

I Kg<5< 1 6 2 6 cm" 1 £>/h£ < H^t: 0 — ^ "C£> 

il^loll a-^y ****it*©T$ KSII 
f-S^< 15 5 1 cm" 1 <7>t 6 — :?T-£>£o ^©FT- 

I R*-<^ h^OiJt^^b, BSfBPHe LG#^J4 
H^m^fC a-^!)^ *«ig«r*£f* ITi^^t^ 

[0 10 9] SJEPHeLGlCiSMiFilli, gPH 

e LG\c±zm&*m2 om&mmi,fzf*<D&&&3 2 

mmtfcot©^ im%tzV<D&&&&m~tZ> t 1. 
6 n raT*fco/z D 

[0 110] fttc, r©*^WcJ:5a»ll!Kc*5»t5 

^Rj&s 6 01, 7 0lM8 0ltI$ ttfe»fl[JHR 
»4, G31 2^i-j:5*"5ra*SI*^^^ h^&^L 
/to £fc, SWa^-DE** 4 0-5 0Saa§tt^:ffl«K 

u k^^r* 80-100 mmm istzmmm 
14, wwfe (7>r h^/w— , *su 

BtSrl 2 Ogf+ifi^T-aSU^iSSJRll, Jtfi***U 

1 6 oittaiLfciiRtt, 

[0111] Afrtticw:, «re*5HPJi«:4 o»a«L 
fc«gBi£, 8 0liiltill?:12 0iSIU: 

mmmtizm-tz^mytfc&x^? h/w4, mi 3\zm 

•t£?\^ 8 0liltf:iillt 4 18nmJcR|t 
m (%) ^f-^^Lt^MtTt^ 0 

4ommmLtzmmmiz. 4 5 6nmcsJt* (%) a* 
ltv^o te*. 1 2 osssL^aeie^ 6 1 9 n 

mfCR#t^ (%) ^t'-^^L4 0 9nm|:^ 
m (%) U H^^tV^4 0 9 nmCOSI© 

ftt^ 9&£>b*lfc6 1 9 nmCDft{Cg<5<Hfe£:ML 




(ID 4$BH2 002-285138 

[0 112] Mffi"5TS3tSW^-<^ Wmz>«£« (A) 
14, ffiflE*^K(cJ:5aSK^3t©Alt^ (a) Id 

(1) fc^Lfc«0 (A) 365S8«>P>tL5 
3M$I4T12 (2) Id^LfcilfJ^fcSo 
[0 113] 

[£fc2] ^ 

A = 2 t 1 A/n 2 -s i n 2 a <1) 
70 m V 

A = * t ' — A/ n 2 -s i n 2 C* <2) 
2 m — 1 y 

[0 114] *MBS; (1) &tffttJi2:£ (2) {C^T, 
A 14, T#«<D«* (nm) 4r*5feU a {4, 

14, Jt^^R^ff* (nm) S:«*U 114, 
<D*«r*!*U n!4, *^R^JB«****U m 
20 i4, 1 ^±Og^^rgft-r5o 

[0 1 15] tut, SttBRra3teRI**'<* h/vco&g 
(A) StrE*^PWrJ:5WJIK^*<DAi*A 
(a) S 1 4 t^-fil t) T?fe 

«9, 5OC0A&hft (a) IC*H~5 SOCDRU^-^ h/W 
Ofe^ (A) ©Hfcijffi^ _b|5S: (l) Rt/ ( 2 ) "CjJ 
fflbfeafeft (As) £14, liiSf— SUT^*:. 4*5, 0 
14tC*5^"C, l>j H: % 4 0/B«/BLfc«HIR(D*/h 
*-^WuS:**U rnj ii % 8 0iaittlM 
oft**^ h/i-^S*u, roj f4, i2 0iaii 
30 fcaiRolr^:^-<^ r#j » % 120 

r, ^-r>i 14, ±iS5£ (1) tctt), 1=12 orx* 

m =KOjk1fr\zx. 7-T^IH4, ±E* (I) 1 
= 8 0Mm=lO*fi:|Ct, fe-5^t4, ±Ei (2) 
ICit) 1 =4 0^t/m=l<O^{*(CT, ^>5V^^4 X ±12 
* (2) \ZX V 1 = 1 2 0Mra=2^ttCT v ^rix 
^P*tt = l. 7 (nm) 2fct/n=l. 6 Oftfl=JCTlWl 

^0 [0 116] (*tt«l) *-f, «B»R#tLT©o 
y • *!l^<^K4: tt, a-^y^7. 

= ^H^KPLLZ25-P (MLG42/LGA 
is) ^JWTcOctdlCLT^KLfCo IP*,, n-^^> 

L-y^y N tt -^yU^^rv-^Tjcfe (LLZ-N 
CA) ©MSrftVN ttttTy-;*^ L - ^/U^ ^ 
— h N-^/U3j5^f^KiS7kft (ML G-NCA) Of 
Zt\ZX *) PLLZ3^I^Sj5S2 5, PML 
G tMDM&Btft 6 0<D7* ^rf^ KPLLZ 

50 2 5 - PMLG6 0^1l/: o ^©^, PMLGt^ 
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p« VhSr(fP^«^*P7K»»LTL-i/^^>» (LG 
A) ttSCit'a-^ y • 3#!/^KPL 

LZ25-P (MLG42/LGA18) ^rH^LfCo 
^LT. r<Da-— y ^/^X • ^^y^f KPLLZ 

25-p (mlg42/lgai8) (Dmmm^ry^ 

^(Oa-^y s/^* • 3*!I^KPLLZ2 5-P 

(mlg42/lgai8) tc*sv>-cn, ±mmz.&ft 

[0 117] r«tt^^ttfx-7;U:/ 3 y^fg 
^12 8nmT*fcD, r 4 A'-McWU 

HRi*Lri^5«fttKit«*dS4 1 8nmffc5fe^ 
U *^*ISrBRWUTV^WttK»jSft^, 6 1 9nm 

[0118] (nift«2) nnwimNt, r/-<> 

if^£a-^y • n^y^f KPLLZ2 5 - 

P (MLG42/LGA18) ©«Bffi-CWttt<. 

[0 1 1 9] mmx^^mmt lt, n, n, n- 

hy^f/v-N- (3. 6, 9, 12-fh7t^tK 
=>vu) 7 y^e^ A^n -7^ Kl: WTO J; ? I: LTI 
$£L/c 0 gp^ x rh7xfl/y^y n-/i/6 5. OgC 

thy^Ai. 0 g Sr*pi^ta-eg»L^. istt* i 

WfaVtVotl,X, 3, 6, 9, 12-f K = 

■^y-/v6. ngW: 0 -02. o g ^ eify 

9, U-f^mK^^i. 8gSr^c 0 Z<D 
l. 5 g ^ x^/^hc^u hy^f-;u/>y^ 




02) W2 0 0 2-2 8 5 1 3 8 

22 

feSr^Bi-rsr tic J; 9, N, N, N-hy^f;i/-N 
- (3, 6, 9, 12-f FmtK^^) rv^e 
-Wdt^KI. 5gSrW»Ufc 0 

[0120] ^tc: x stria a — *y • =^y-<^ 

KPLLZ25-P (MLG42/LGA18) 50. 
0mg4r2 0ml©*l:8»tfc«, *ft«»T, wfr 

, U _ N _ (3| 6> 9> i2-fh7mK3^) 
10 7y^«)AyD-7^K6 8. 3mg^7k2 0 m 1 

C^o -to** 3 0 »*3*lc.fc9tt 

^PD^;V/A/x^y-;i/ (4 : 1) 15ml|:g)i| 

ts^twD, afe«««»*o««t?o — y^* 

* •fliSflt'^fr (a-^y • n^y^/f-KPL 

20 LZ25-P (MLG42/LGA18) /N, N, N 
~hy^f/U-N- (3, 6, 9, 1 2-y- Yyyfr^r^- 
Kn^U) ry^^^Ayo^ K • }g^#) 8 0. 4 
m g tr#fc e 

[0121] #6ixfeefeWitt»5|c(7>7C*^W«rfT 
[0 12 2] 

[mn ■ 1 nmm&<DWftft<D—m&^*ti&i&® t 

[HI 4] H4tt, »EJi^R»t6>nfc*5IW<D*IBtt^ 
111 5] 0 5lt «5ttt*fe©KSSrJftW-*-5^«)Oa 

[06] men, ^wnmrnfeft+iczzmft+mn 
[in 7] buh, mmttemBtta?** ± 

50 T«fp] Lt^5tll^- W«r*iHB»»IBBI'e*>5. 
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[mi o] iioit m9[C7jk-tmm&ft**m^xm 

[Bl 1] Hi in. *5B«o«t6tt7-f/UA<o— 

[H121H12I1 *«WO«lSett^oi^g^ 
«JfLfc»JI^ (601, 7 01, 8 OH) tcj:5«at 

[hi 3] hi an. *&m<Dmm&ft¥<Dm&¥m% 
mmvtzmmm uog, soi. 120s) tc<t£« 



70 




2002—285138 



24 



[Hi 4] il4tt, *«WO«ffitt»^<D*^BlS: 
«JfLfc«JiBl (4 oji, sol, 120D ^<D%<r> 
A#J£ (S) (nm) t^BBffiSr^-T^ 

[^tf>S&91] 
1 i§Stl£t£#^ 

1 0 mm 

10a (E$*tegfl) 

10b 

10c -f^-^ttfflJ 

20 *>mm 

3 0 «3&»rK» 

5 o g& 

e o nomtt 

100 mig^^ >r 



[urn 



[H2] 




[H3] 



10 



a; 



0 $ 0 $ ; 

N N N N 

// // // // 

N N N N 

0 0 0 0 




[E15] 
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7ny h^<—^(Om^ 

(51) Int. CI. 7 F I t-73-K 

C0 8L 77:04 C0 8L 77:04 

F*— A«M£) 4F071 AA08 AA75 AA77 AA78 AD07 
AF12 AF29 AF36 AF43 AH12 
BA04 BB02 BB07 BC01 
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(14) 



2002-285138 



me] 



IB 71 




10a JO 




[18] 



10 



[ilO] 



Oa 




pH 12 



Air 



10 



10a 



\r 



IllJIIllUI 



pH 5 



« Air 




[mi 2 j [ii4] 




-14- 



